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*NOTicES* 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] , . . ^. ^ ^ , .i. a i i 

[Claim 1] The ftiel-oil-consumption control unit of the intemal combustion engine which controls the tuel oil 
consumption from a fuel injection valve in conformity with the fuel behavior model which is characterized by 
providing the following, and which described the fuel behavior in an intemal combustion engine by making adhesion 
fuel quantity to an inlet-pipe wall surface into a state variable. A model parameter estimation means to presume the 
model parameter of the above-mentioned fuel behavior model based on the operational status of an intemal combustion 
engine and to update this fuel behavior model. An adhesion fuel quantity presumption means to presume the adhesion 
fuel quantity to an inlet-pipe wall surface according to the fuel behavior model by which updating was earned out 
[ above-mentioned ] based on the fuel oil consumption from the above-mentioned fuel injection valve. A fuel quantity 
calculation means in a target cylinder to compute the fuel quantity in a target cylinder which should be supplied in the 
cylinder of an intemal combustion engine according to the operational status of an intemal combustion engine. The 
presumed result of the above-mentioned model parameter estimation means or the above-mentioned adhesion fuel 
quantity presumption means, A control error estimation means to presume the control error of the fuel quantity m a 
cylinder based on the transient operational status of an intemal combustion engine, It is based on the presumed this 
control error, the above-mentioned fuel quantity in a target cylinder The fuel quantity amendment means in an 
amendment target cylinder, A fuel-oil-consumption calculation means to compute the fuel oil consumption from the 
above-mentioned fuel injection valve according to the fuel behavior model by which updating was earned out [ above- 
mentioned ] based on the amendment result of this fiiel quantity amendment means m a target cylinder, and the 
presumed result of the above-mentioned adhesion fuel presumption means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

this invention relates to the fuel-oil-consumption control xinit of the internal combustion engine which controls fuel oil 
consumption in conformity with the fuel behavior model which described the fuel behavior in an internal combustion 
engine. 

[Description of the Prior Art] 

the fuel conventionally supplied to an internal combustion engine - as one of the fuel-oil-consumption control units 
which control the fuel oil consumption from a fuel injection valve so that the air-fuel ratio of a gaseous mixture turns 
into a target air-fiiel ratio Amendment correction value for the basic fuel oil consumption calculated to JP,59- 196930, A 
from the rotational speed and the inhalation air content of an internal combustion engine like a publication For 
example, a control input, Make into a control output the actual measurement of the air-fuel ratio detected using an air- 
fuel ratio sensor, and it identifies as that of which alignment approximation consists between this control input and a 
control output. It asks for the mathematical model which describes dynamic behavior of an intemal combustion engine, 
and the control unit based on the so-called linear control theory which controls fuel oil consumption by the control law 
designed based on this is known. 

However, the mathematical model had to be set up for two or more operating range of every which can be regarded as 
linear approximation being realized like a publication in JP,59-7751,A in order to control good by the ability 
describing behavior dynamic [ of an intemal combustion engine ] in the relation between the above-mentioned control 
input and a control output being nonlinear originally, and having only asked for the mathematical model by linear 
approximation as mentioned above only under a very narrow service condition, and the control law had to be 
detemiined for every operating range based on this. For this reason, in the former, the control law had to be changed 
for every operating range of an intemal combustion engine, and there was a problem that control became complicated. 
Moreover, in the boxmdary point of each operating range, there is also a problem that control benefits the change of a 
control law unstable. 

Then, the applicant for this patent was determining the control law by which nonlinear compensation was carried out 
based on the fuel behavior model which described the fuel behavior in an intemal combustion engine by making 
adhesion fuel quantity to an inlet-pipe wall surface, and evaporation fuel quantity within an inlet pipe into a state 
variable by Japanese Patent Application No. No. 189889 [ 62 to ], Japanese Patent Application No. No. 189891 [ 62 
to ], etc., and he proposed the fuel-oil-consumption control unit which can perform fael-oil-consumption control (by 
namely, one control law), without changing a control law as mentioned above. 
[Problem(s) to be Solved by the Invention] 

However, it may be difficult to describe the fuel behavior of an intemal combustion engine completely also with the 
above-mentioned fuel behavior model, and an error may produce it to a model in fact by transient operation of an 
intemal combustion engine, with-time change of a fuel-injection system, etc. And if such a model error arises, the 
control law based on this will stop corresponding with an intemal combustion engine, and the problem that the control 
precision of an air-fuel ratio falls will occur. 

then, the control error accompanying the model error of a fuel behavior model in this invention - precision - good - 
an amendment - it was made for the purpose of offering the fuel-oil-consumption control unit of tiie intemal 
combustion engine which can do things 
[Means for Solving the Problem] 

Namely, the composition of this invention made since the above-mentioned purpose was attained It illustrates to a view 
1 and needs. It is the fiiel-oil-consumption control unit of the intemal combustion engine which controls the fiiel oil 
consumption from a fuel injection valve M3 in conformity with the fuel behavior model which described the fiiel 
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behavior in an internal combustion engine M2 by making adhesion fuel quantity to inlet-pipe Ml wall surface into a 
state variable. A model parameter estimation means M4 to presume the model parameter of the above-mentioned fuel 
behavior model based on the operational status of the internal combustion engine M2, and to update this fuel behavior 
model, An adhesion fuel quantity presumption means M5 to presume the adhesion fuel quantity to inlet-pipe Ml wall 
surface according to the fuel behavior model by which updating was carried out [ above-mentioned ] based on the fuel 
oil consumption from the above-mentioned fuel injection valve M3, A fuel quantity calculation means M6 in a target 
cylinder to compute the fuel quantity in a target cylinder which should be suppUed in the cylinder of an internal 
combustion engine M2 according to the operational status of the intemal combustion engine M2, The presumed result 
of the above-mentioned model parameter estimation means M4 or the above-mentioned adhesion fuel quantity 
presumption means M5, A control error estimation means M7 to presume the control error of the fuel quantity in a 
cylinder based on the transient operational status of an intemal combustion engine M2, It is based on the presumed this 
control error, the above-mentioned fuel quantity in a target cylinder The fuel quantity amendment means M8 in an 
amendment target cylinder, A fuel-oil-consumption calculation means M9 to compute the fuel oil consumption from 
the above-mentioned fuel injection valve M3 according to the fuel behavior model by which updating was carried out 
[ above-mentioned ] based on the amendment result of the this fuel quantity amendment means M8 in a target cylinder, 
and the presumed resuh of the above-mentioned adhesion fuel presumption means M5, The fuel-oil-consumption 
control unit of the intemal combustion engine characterized by ************ is made into the summary. 
[Fxmction] 

In the fuel-oil-consumption control unit of this invention constituted as mentioned above, the model parameter 
estimation means M4 updates the fuel behavior model which presumes the model parameter of a fuel behavior model 
based on the operational status of an intemal combustion engine M2, and is used for control, and the adhesion fuel 
quantity presumption means M5 presumes the adhesion fuel quantity to inlet-pipe Ml wall surface according to the 
updated fuel behavior model. Moreover, the fuel quantity in a target cylinder from which the fuel quantity calculation 
means M6 in a target cylinder serves as control objectives according to the operational status of an intemal combustion 
engine M2 is computed, and the control error estimation means M7 presumes the control error of the fuel quantity in a 
cylinder based on the presumed result of the model parameter estimation means M4 or the above-mentioned adhesion 
fuel quantity presumption means M5, and the transient operational status of an intemal combustion engine M2. Then, 
the fuel quantity amendment means M8 in a target cylinder amends the fuel quantity in a target cylinder based on this 
presumed control error, and the fuel-oil-consumption calculation means M9 computes the fuel oil consumption from a 
fuel injection valve M3 based on the wall surface adhesion fuel quantity presumed with the fuel quantity in this 
amended target cylinder, and the adhesion fuel quantity presxmiption means M5. 

Namely, it computes fuel oil consumption by this invention presuming the control error resulting from the model error 
produced at the time of transient operation of an intemal combustion engine M2 based on the adhesion fuel quantity 
and the transient operational status of an intemal combustion engine M2 which were presumed with the model 
parameter or the adhesion fuel quantity presumption means M5 presumed with the model parameter estimation means 
M4, and amending the fuel quantity in a target cylinder which serves as control objectives by the presumed result. 
Consequently, fuel oil consumption will be set up as a value which considered the control error beforehand, arid it 
becomes possible [ performing flxel-oil-consumption control ], without producing a confrol error, even if transient 
operation of the intemal combustion engine M2 is carried out. 

Moreover, it is canceled by updating the fuel behavior model which presumes a model parameter and determines a 
confrol law, and the model parameter estimation means M4 of the confrol error resulting from the model error 
produced by aging of an intemal combustion engine M2 can improve control precision also by this. 
[Example] 

The example of this invention is explained with a drawing below. 

A view 2 is an outline block diagram showing the composition of the intemal combustion engine 2 with which this 
invention was applied, and its peripheral device first. 

As shown in drawing, to the inlet pipe 4 of an intemal combustion engine 2 It has the intake-pressure sensor 12 which 
detects the pressure Pm in the air cleaner 6 which purifies inhalation air, the throttle valve 8 which controls an 
inhalation air content, the surge tank 10 which suppresses throb of inhalation of air, and a surge tank 10 (pressure-of- 
induction-pipe force), and the intake temperature sensor 14 which detects an intake-air temperature Ta. the fuel which 
flowed in cylinder 2a of an intemal combustion engine 2 from the oxygen component under exhaust air upsfream from 
the three way component catalyst 18 which purifies exhaust air in an exhaust pipe 16, and the three way component 
catalyst 1 8 ~ it has the fuel-air-ratio sensor 19 which detects the fiiel-afr ratio lambda of a gaseous mixture (inverse 
number of air-fuel ratio A/F) 

Moreover, the intemal combustion engine 2 concerned is equipped with the coolant temperature sensor 26 grade which 
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detects the rotational-speed sensor 22 for detecting the rotational speed Ne of an internal combustion engine 2 from 
rotation of the distributor 20 besides the above-mentioned intake-pressure sensor 12, an intake temperature sensor 14, 
and the fuel-air-ratio sensor 19, the crank angle sensor 24 for similarly detecting the fuel-injection timing from rotation 
of a distiibutor 20 to an internal combustion engine 2, and the cooling water temperature Tw of an intemal combustion 
engine 2 as a sensor for detecting the operational statiis. In addition, a distiibutor 20 is for impressing the high voltage 
from an ignitor 28 to an ignition plug 29 by predetermined ignition timing. 

And the detecting signal from each above-mentioned sensor is used for it being inputted into the elecfronic conti-ol 
circuit 30 constituted as a logic operation circuit centering on a microcomputer, driving a fuel injection valve 32, and 
contioUing the fuel oil consumption from a fuel injection valve 32. 

Namely, tiie electronic contiol circuit 30 Although data processing is performed by CPU40 and CPU40 which perform 
data processing for fuel-oil-consumption contiol according to the contiol program set up beforehand ROM42 on which 
required contiol BUROGURAMU and a required initial data were recorded beforehand, and altiiough data processing 
is similarly performed by CPU40 It consists of output ports 48 for outputting a driving signal to a fuel injection valve 
32 according to tiie input port 46 for tiie data used inputting RAM44 and tiie detecting signal from each above- 
mentioned sensor which are written temporarily, and tiie result of an operation in CPU40 etc. die fuel which flows in 
cylinder 2a of an intemal combustion engine 2 - tiie fuel oil consumption from a fuel injection valve 32 is contioUed 
so tiiat the fuel-air ratio lambda of a gaseous mixture is set to predetermined target fuel-air-ratio lambdar 
Next, it explains based on the block diagram showing tiie contiol law of the fuel-oil-consumption contiol performed by 
this electionic control circuit 30 in a ymsf 3. 

^ **** 3 yjg^ ig drawing showing the contiol law of the example concerned, hard composition is not shown and 
actual fuei-oil-consumption control is realized by execution of a series of contiol programs shown in the below- 
mentioned flow chart of a view 4. 

Moreover, tiiis control law is based on tiie fuel behavior model shown in the following formula (1) which described the 
behavior of tiie fuel which flows in cylinder 2a of an intemal combustion engine 2 by making adhesion fuel quantity 
fw to inlet-pipe 4 wall surface into a state variable, and (2) so tiiat it may mention later. A suffix (k) shall be given to a 
value at present, a suffix (k-1) shall be given to tiie value in front of 1 cycle, and it shall express [ in / tiie following 
explanation / are designed so that fuel oil consumption may be computed for every cycle of an intemal combustion 
engine 2, and ]. 
fw(k+l) =P-fw(k)+R-fi (k) 

-0) 

fc(k) =(1-P) fw(k)+(l-R) fi (k) ~ (2) 

(However, fi:fuel oil consumption, the fuel quantity in fcxylinder, P, R:constant) 

As shown in a view 3, in tiiis example, tiie pressure-of-induction-pipe force Pm first acquired by tiie detecting signal 
from the intake-pressure sensor 12, an intake temperature sensor 14, and the rotational-speed sensor 22, an intake-air 
temperatiire Ta, and rotational speed Ne are inputted into the inflow air-content presumption machine Al in a cylinder. 
The inflow air-content presumption machine Al in a cylinder is based on the pressure-of-induction-pipe force Pm in 
which above-mentioned are for presuming tiie air content (inhalation air content in a cylinder) mc which flows into 
cylinder 2a of an intemal combustion engine 2, and it was each inputted at tiie time of an intake sfroke, an intake-air 
temperature Ta, and rotational speed Ne, and is the following formula (3). 
mc={betax(Ne) and Pm-beta y} (Ne) / Ta ~ (3) 

The inhalation air content mc in a cylinder is presumed using (however, the fvmction of tiie betax(Ne) betay 
(Ne):rotational speed Ne). 

Moreover, next, each data of tiie above-mentioned pressure-of-induction-pipe force Pm and rotational speed Ne is 
inputted also into tiie target fuel-air-ratio setter A2 witii tiie cooling water temperatiire Tw obtained by tiie detecting 
signal from a coolant temperatiire sensor 26. It is for setting up fiiel-air-ratio (target fuel-air ratio) lanabdar of a gaseous 
mixture, tiie fuel which should supply the target fiiel-air-ratio setter A2 to an intemal combustion engine 2 ~ Based on 
each above-mentioned input data, ttie load operational statiis of an intemal combustion engine 2, warming-up 
operational stattis, etc. are searched for. When tiiere is tiie need tiiat tiie time of an intemal combustion engine 2 being 
in tiie heavy load operational statiis at tiie time of acceleration etc. and tiie cooling water temperatiire Tw warm up an 
intemal combustion engine 2 low, target fiiel-air-ratio lambdar is set as tiie value by tiie side of [ tiian tiie tiieoretical air 
fuel ratio from which an excess air factor is set to 1 / more / tiie amount of fuel ] rich. When an internal combustion 
engine 2 is in tiie light load operational status at tiie time of a slowdown etc., target fiiel-air-ratio lambdar is set as the 
value by the side of RIN fewer tiian tiieoretical air fuel ratio for fuel, and at tiie time of tiie otiier usual operation, target 
fuel-air-ratio lambdar is set as the value corresponding to theoretical air fuel ratio. 

And target fiiel-air-ratio lambdar set up by tiie inflow air content mc in a cylinder and tiie target fiiel-air-ratio setter A2 
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which were presumed with the inflow air-content presumption vessel Al in a cylinder in this way is inputted into the 
fuel quantity computing element A3 in a target cylinder, and is changed into the fuel quantity fcr in a target cylinder 
used as control objectives. That is, this fuel quantity computing element A3 in a target cylinder is equivalent to the 
above-mentioned fuel quantity calculation means M6 in a target cylinder, and computes the fuel quantity fcr (=mc- 
lambdar) in a target cylinder by multiplying by the inflow air content mc in a cylinder, and target fuel-air-ratio 
lambdar. 

Moreover, next, the pressvire-of-induction-pipe force Pm is inputted also into the amount computing element A4 of 
target fuel amendments. The amount computing element A4 of target fuel amendments the control error of the fuel 
quantity in a cylinder resulting from the model error of the fuel behavior model produced at the time of transient 
operation of an internal combustion engine 2 It is for computing as an amount of amendments to the fuel quantity fcr in 
a target cylinder computed by the fiiel quantity computing element A3 in a target cylinder. It is based on a constant 
alpha and is [ the model parameters (namely, constant in the above (1) and (2) formulas) P and R of the fuel behavior 
model called for with the below-mentioned identification vessel A7, the variation of the pressure-of-induction-pipe 
force Pm detected by the intake-pressure sensor 12, and ] the following formula (4). 

P 

5 f cr(k)= a • { P m (lc)~ P m (k-1)) 

1 - R 

... (4) 

Amount of ******** fuel amendments deltafcr is computed. In addition, this amount computing element A4 of target 

fuel amendments is equivalent to the above-mentioned control error estimation means M7. 

And this computed amount of fuel amendments deltafcr is inputted into subtractor A5 as a fuel quantity amendment 

means M8 in a target cylinder with the fuel quantity fcr in a target cylinder computed by the fuel quantity computiiig 

element A3 in a target cylinder, is subtractor A5, subtracts amount of fuel amendments deltafcr fix)m the fuel quantity 

fcr in a target cylinder, and the fuel quantity fc in a target cylinder is used for an amendment's. 

Next, it is inputted into the 1st fuel-oil-consumption computing element A6 with the model parameters P and R of the 

fuel behavior model called for with the below-mentioned identification vessel A7 as a result of [ of subtractor A5 / 

fcrh ] subtraction (i.e., the fuel quantity in an amendment target cylinder) (= fcr-delta fcr). 

The 1st fuel-oil-consumption computing element A6 is equivalent to the above-mentioned adhesion fuel quantity 

presumption means M5 and the above-mentioned fuel-oil-consumption calculation means M9, and presumes the 

adhesion fuel quantity fw to the inlet-pipe wall surface 4 using the following formula (5) for every fuel injection from a 

fuel injection valve 32 first. fw(k+l) =P-fw(k)+R-fi (k) 

~(5) 

(However, the fuel oil consumption from the fi(k):fuel injection valve 32, the estimate of fw(k):last time, P, the model 
parameter for which it asked with R:identification vessel A7) 

It is based on the fuel quantity fcrh in an amendment target cyHnder by which the input was carried out [ above- 
mentioned ] with the presumed result fw, and is the following formula (6). 
f crh- ( 1 - P ) f w 



1 - R 

The fuel oil consumption fi for performing fuel fiiel injection to a degree from a fuel injection valve 32 is computed 
using (the model parameter for which it asked with P and Rridentification vessel A7). 

In addition, in this 1st fuel-oil-consumption computing element A6, the initial value (this example 0) set up beforehand 
is used for the adhesion fuel quantity estimate of the last time at the time of presuming the adhesion fuel quantity fw at 
the time of a control start. 

Next, it is for presuming the model parameters P and R of the fuel behavior model which the identification machme A7 
was equivalent to the above-mentioned model parameter estimation means M4, and was described by the above (1) and 
(2) formulas. It is based on the fuel quantity (inflow fuel quantity in a real cylinder) fc which actually flowed in 
cylinder 2a presumed with the inflow fuel quantity presumption vessel A8 in a cylinder, tiie false adhesion fuel 
quantity fwg computed by 2nd fuel-oil-consumption computing-element A9, and the false fuel oil consumption fig. As 
shown in the following formula (7) and (8), the model parameters P and R are presumed. 
P(k) =P(k-l)-kl(k) -E (k) 
-(7) 

R(k)=R(k-l)-k2(k)-E(k) 
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-- (8) 

however, the above (7) and (8) fonnulas - setting -- E(k) =fc(k)-{l-P(k-l)} ^g (k) 

+ {1-R(k-1)} fig(k)--(9) 

kl(k)={hl l(k-l)fwg(k)+hl2(k-l)fig(k)} 

/[rho+h ll(k-l) iwg2(k)+{h21(k-l)+hl2(k-l)} fwg(k) fig(k)+h22(k-l) fig2 (k)] - (10) 
k2(k)= {h2 1 (k- 1 )fwg(k)+h22(k- 1 )fig(k) } 

/[rho+h 1 l(k-l) fwg2(k)+{h21(k-l)+hl2(k-l)} fwg(k) fig(k)+h22(k-l) fig2 (k)] - (1 1) 
It comes out. Moreover, in these (10) and (1 1) formulas, rho is the constant (0< rho<=l) set up beforehand, as 
mentioned later, and hll (k-l)-h22 (k-1) are the values computed last time (namely, 1 cycle before) using following 
formula (12) -(15). 

hi l(k)=[hl l(k-l)-kl(k){hl l(k-l)fwg(k) 
+ h21(k-l)fig(k)}]/rho-(12) 
hl2(k)=[hl2(k-l)-kl(k){hl2(k-l)fwg(k) 
+ h22(k-l) fig(k)}]/rho -- (13) 
h21(k)=[h21(k-l)-k2(k){hl l(k-l)fwg(k) 
+ h21(k-l)fig(k)}]/rho--(14) 
h22(k)-[h22(k-l)-kl(k) {hl2(k-l)fwg(k) 

+ h22(k-l)fig(k)}]/rho--(15) , 
Next, the inflow fuel quantity presumption machine A8 in a cylinder is for presuming the fuel quantity (mflow fuel 
quantity in a real cylinder) fc which actually flowed in cylinder 2a as mentioned above, is multiplying by the real fuel- 
air ratio lambda obtained by the detecting signal from the fuel-air-ratio sensor 19, and the inflow air content mc in a 
cylinder calculated with the inflow air-content presumption vessel Al in a cylinder, and presumes the inflow fuel 
quantity fc (= lambda-mc) in a real cylinder. 

The 2nd fuel-oil-consumption computing element A9 again as the fuel oil consumption used in case the model 
parameters P and R are presumed, and adhesion fuel quantity It is for setting up the false fuel oil consumption fig and 
the adhesion fuel quantity fwg which were computed as a thing without a model error. The false adhesion fuel quantity 
fwg to the inlet-pipe wall surface 4 is presumed like the 1st fuel-oil-consumption computing element A6 using the 
following formula (16) for every fuel injection from a fuel injection valve 32. fwg(k+l) ==P-fwg(k)+R-fig (k) 
- (16) 

It is based on the presumed result fwg and the fuel quantity fcr in a target cylinder computed by the fuel quantity 
computing element A3 in a target cylinder, and is the following formula (17). 
fcr- ( 1 - P ) f wg 

fig=— -(17) 

1 - R 

The false fiiel oil consumption fig is computed using (the model parameter for which it asked with P and 
R:identification vessel A7). 

In addition, in this 1st fuel-oil-consumption computing element A9, the initial value (this example 0) set up beforehand 
is used for the adhesion fiiel quantity estimate of the last time at the time of presuming the adhesion fuel quantity fwg 
at the time of a confrol start. 

Next, the design method of the above-mentioned confrol law based on the fuel behavior model described by the above 
(1) and (2) formulas and diis fuel behavior model is explained. 

The fuel quantity fc which flows in cylinder 2a of an internal combustion engine 2 first, i.e., the fuel quantity in a 
cylinder, can be described like the following formula (18) using the fuel oil consumption fi from a fuel injection valve 
32, the adhesion fuel quantity fw to inlet-pipe 4 wall surface, and the evaporation fuel quantity in the inlet-pipe 4 
interior. 

Fc=alpha 1, fi+alpha 2 and fw+alpha 3, fv - (18) 

That is, since it is thought that the above-mentioned fuel quantity fc is total with the direct inflow alpha 1 of flie 
injection fiiel from a fiiel injection valve 32, fi, the indirect inflow alpha 2 from the inlet pipe 4 to which the injection 
fuel adhered and fw, and the inflow alpha 3 of the evaporation fixel which exists in the inlet-pipe 4 interior by 
evaporation of injection fiiel or wall surface adhesion fiiel and fv, the fiiel quantity fc which flows in cylinder 2a like 
an upper formula ( 1 8) can be described. 

In an upper formula (18), since fiiel oil consumption fi becomes settled by the valve-opening time of a fiiel injection 
valve 32, if the adhesion fuel quantity fw to inhalation-of-air cylinder 4 wall surface and the evaporation fuel quantity 
fv within an inlet pipe 4 can be known, fuel quantity fc can be predicted. 
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Then, the above-mentioned adhesion fuel quantity fw and the evaporation fuel quantity fv are considered below. 
First,' according to an inflow into cylinder 2a at the time of an intake stroke, at the time of an intake stroke, the 
adhesion fuel quantity fw to inlet-pipe 4 wall surface increases, when a part of the fuel oil consumption fi alpha 4 
which alpha 2 decreases in part, and also decreases by evaporation to the inlet-pipe 4 interior, and is injected from a 
fuel injection valve 32 synchronizing with rotation of an internal combustion engine 2 adheres. Moreover, the fuel 
evaporation per 1 cycle of an intemal combustion engine 2 can be expressed as alphaS and Vf^e (=alpha5, Vfw, 
alpha5:proportionality constant) from the fiiel evaporation Vf per unit time (namely, fuel vapor rate), and the rotational 
speed Ne of an intemal combustion engine 2. For this reason, the adhesion fuel quantity fw to inlet-pipe 4 wall surface 
can be described as shown in the following formula (19). 
fw(k+l) = (l-alpha2) and fw(k)+alpha4, fi (k) 

-Alpha5,Vfw(K)-(19) , r • i 

On the other hand, according to an inflow into cylinder 2a at the time of an mtake stroke, for every cycle of an mtemai 
combustion engine 2, the evaporation fuel quantity fv in the inlet-pipe 4 interior increases, when [ the ] alpha 3 
decreases in part and also a part of fuel oil consumption fi alpha 6 evaporates, and it increases by fuel evaporation of 
the above-mentioned adhesion fuel further. 

For this reason, the evaporation fuel quantity fv in an inlet pipe 4 can be described as shown in the following formula 
(20). 

fv(k+l) = (l-alpha3) and fv(k)+alpha6, fi (k) 
+ alpha 5, Vfw (k) - (20) 

In the above-mentioned (18) - (20) formula, (l-alpha2) therefore, by arranging Q and alpha 4 for P and (l-alpha3), and 
arranging S and alpha 5 for R and alpha 6 as D The following formula (21) and the fiiel behavior model like (22) which 
made the state variable the adhesion fuel quantity and evaporation fuel quantity to an inhalation-of-air barrel wall side, 
and were expressed by the discrete time system by making 1 cycle of an internal combustion engine 2 into a sampling 
period become settled. 



f w(k+l) 
f v(k+l) 



Q 



f w(k) 
f v(k) 
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S 



f i(k)H- 



D 
D 



V fw(k) ••• (21) 



f c(k)= [ 1 - P 1 - Q] 



f w(k) 
f v(k) 



+ ( 1 - R - S ) f i (k) 



(22) 



In such a fiiel behavior model, if it sets by the method of identifying common knowledge of each model parameters P, 
Q, R, S, and D, all operating range can describe mostly the fuel behavior at the time of steady operation of an internal 
combustion engine to accuracy, however, in the above-mentioned fuel behavior model, as the term of the conventional 
technology also described, even if it may be able to stop being able to describe correctly the fuel behavior which is 
practice by transient operation of an intemal combustion engine 2 or with-time change of an intemal combustion 
engine 2 and designs a confrol law, using this fiiel behavior model as it is, good control precision may not be obtained 
Then, in this example, it sets to the fiiel behavior model described by the above (21) and (22) formulas. The 
evaporation fiiel quantity fv and the fiiel evaporation Vfw which are remarkably small compared with the adhesion fiiel 
quantity fw and fiiel oil consumption fi, and do not have big influence on fiiel behavior are disregarded. Like the above 
(1) and (2) formulas, the simplified fiiel behavior model is created, and the control law is designed so that the control 
error produced by simpUfication of a model, transient operation of an intemal combustion engine 2, with-time change 
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ofan internal combustion engine 2, etc. can be compensated based on this fuel behavior model. 
That is if there is no error in the fuel behavior model first described by the above (1) and (2) formulas, the fuel oil 
consumption fi for controlling the fuel quantity fc in a cylinder to the fuel quantity fcr in a target cylinder can be 
calculated like the following formula (23) by transforming the output equation {(2) formulas} of the above-mentioned 
fuel behavior model. 

^fcr-(l-P) ^^^^^ 

1 - R 

However in the above-mentioned fuel behavior model, since an error arises by simplification of a model, transient 
operation of an internal combustion engine 2, with-time change of an internal combustion engine 2, etc., if it controls 
using this (23) formula as it is, a control error will occur. 

Then the identification machine A7 for presuming that the model parameters P and R mentioned above is formed, the 
model parameters P and R are serially presumed with this identification vessel A7, and it is made to compute fiiel oil 
consumption fi in this example using these model parameters P and R of the presumed newest. 
Moreover, although good fuel-injection control can be performed at the time of steady operation of an internal 
combustion engine 2 when computing fuel oil consumption fi by presuming the model parameters P and R with the 
identification vessel A7 in this way, at the time of transient operation to which the operational status ofan internal 
combustion engine 2 changes suddenly, an error arises in the estimate P and R of a model parameter according to the 
detection delay of the operational status of an internal combustion engine 2 etc., and a control error occurs by this. For 
this reason the amount computing element A4 of target fuel amendments and subtractor A5 are prepared for the 
control error accompanying the model error further produced at the time of such transient operation in an amendment 
sake and the fuel quantity fcr in a target cylinder computed by the fuel quantity computing element A3 in a target 
cylirider is amended, and it is made to compute fuel oil consumption fi with the fiiel quantity fcrh in this amended 
amendment target cylinder in this example. 

Hereafter, the design procedure of the amount computing element A4 of target fuel amendments for such a model error 

compensation and the identification machine A7 is explained. 

First, in the above (I) and (2) formulas, Z transform is performed and the transfer fiinction of a system is searched tor. 
Wh«i the Z transform of the above (1) and (2) is carried out, it is Zfw(Z) =Pfw(Z)+Rfi (Z). - (24) 
fc(Z)=(l-P)fw(Z)+(l-R)fi(Z)~(25) 

It becomes. Moreover, an upper formula (24) to fw (Z) is the foUowmg formula (26). 
R ■ f i (Z) 

f w(Z)= f i(Z) -(26) 

Z - P 

** ~ it can describe like Then, when an upper formula (26) is substituted for (25) formulas, it is. 
(1-R)Z + (R-P) , ^ 

^ c(Z)= f KZ) -(27) 

Z - P 

The transfer function of a next door and a system is acquired. 

On the other hand if the error of the model parameter estimation values P and R produced at the time of transient 
operation is set to delta in the above (1) and (2) formulas, the following formula (28) and the fuel behavior model like 
(29) will be obtained. 
fw(k+l) =P-fw(k)+R-fi(k)-delta (k) ~ (28) 

fc(k)=(l-P)fw(k)+(l-R)fi(k)+delta(k)~(29) ... . . t. ^ ^ ri, 

If Z transform is performed in these (28) and (29) formulas and the transfer function of a system is searched for like the 
above, it will become like the following formula (30). 
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(1-R ) Z + (R -P ) 

f c(Z)= f i(Z) 

Z - P 



Z - 1 

+ 6 (Z) -(30) 

Z - P 

Next in the system described by the above-mentioned (27) fonnula, the fuel oil consumption fi for controlling the fuel 
quantity fc in a cylinder to the fuel quantity fcr in a target cylinder will become like the foUowmg formula (3 1 ), it an 

inverse transfer fimction is used. 

Z — P 

f j(Z)= f cr(Z) -(31) 

(1-R ) Z + (R -P ) 

And if this (31) formula is substituted for the above-mentioned (30) fonnula, the transfer function oyer the desired 
vSue at the time of controlling fuel oil consumption regardless of the model error delta will be acqmred hke the 
following fonnula (32). ^ ^ 

f c(Z)= f cr(Z)+ 6 (Z) -(32) 

Z - P 

Therefore, control enor deltafcr of the fuel quantity fc in a cylinder by the model enror delta can be found like the 
following formula ^3) from this (32) formula. 

6 f cr(Z)= ^-^6 (Z) -(33) 
Z - P 

Such control error deltafcr is cancelable by changing the fuel quantity in a cylinder used as control objectives into die 
v^e^n^e y^^^^^^^^ in an amendi^ent target cylinder computed in above-mentioned subtractor AS) fcrh which 
lub^aSe foel quantity for control error deltafcr from the fuel quantity fcr in a target cyl-der^For tins reason, m 
Ais examole the above-mentioned (6) fonnulas used in order to compute the fuel oil consumption fi from a fuel 
Se<SoT?aWe 32Tn^^^^ fuel-oil-consumption computing element A6 by changing the fuel quantity fcr m a target 
cylinder in the above-mentioned (23) formula into the fuel quantity fcrh in an amendment target cylmder are set up 
%ihSt is difficult to. detennine this control enor deltafcr on the other hand, m actual control control error deltafcr 
can be experimentally pattemized as a function of the parameter showing the transient operational stajis of an internal 
^buS^rine 2 Moreover, the model parameters P and R change and this control enor deltafcr becomes so large 
that the adhesion fuel to inlet-pipe 4 wall surface increases. Then, the above-mentioned opmtion expression tor 
a.nfrol ^r rculation (4) is set up so that it may compute as a function of the variation of tiie pressure-of-mduction- 
nine force Pm which control enor deltafcr is proportioned in P/(l-R), and expresses tiie transient of an mtemd 
SusTon en^ne 2 from the index and bird clapper to which P/(l-R) expresses with this example the grade m which 
fiiel oil consumption fi adheres to an inlet-pipe wall surface. ^ i i .t. j i 

N^t i is mSor the identification machine A7 which presumes the model parameters P and R to have tiie model 
pSieter presumed in confomiity with an algorithm index load type the second a of ] p^^^^^^^^ 

about the technique of such a parameter identification, since it is explained ^^^^^^^^^^^^ 7l98 etc Lailed 
"identification technique -1 of linear-discrete time system" system, confrol, Vol.25, No.8, P476 - P1981, etc., detailed 

W&iy! rXieter estimation problem by tiie least square metiiod K is asking for tiie -^^Ig--^^^^^ 
makes the mhiimiin die perfonnance index J Uke the following fonnula (35) when descnbmg. -^(k)-(l-P) fw^^ 
(1-R) fi (k) model enor [ of a fiiel behavior model ] e (k) ~ an output equation {(2) fonnulas} - defonnmg - the 

following formula (34) ~ it needs ~ - (34) 
k 

J = Z p • {e (k)}8 (35) 
1=0 
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They are the value (1< rho<=0) set up between 0 and 1 , and {, however rho are Forgetteing Factor for making weight 
small and decreasing the contribution to estimate, so that they become a past value. } 

A serial calculation type algorithm for this,® (0= L P W R Ck}J - ^i^) 

Z(k)= C f w(k) f i(k)] T ...(37) 

^^^^^'^''^"^^^^ ® (k)=©(k-l)+K(k) [y (k)-ZT(k)-0(k-l)] 

... (39) 

When it carries out, 

K (k) = H (k-l)-Z (k) [ p 

+ ZT(k)-H (k-l)-Z (k)3 -(40) 
H(k)= [I -K(k)-ZT(k)] H (k-1)/ p - (41) 

Since it becomes, in conformity with this serial calculation type algorithm, above-mentioned operation expression (7) - 

Moreover If the fuel oil consumption fi and the adhesion fuel quantity fw which were computed by the 1st fuel-oil- 
consumption computing element A6 as what has an error in these presumed model parameters P and R are used when 
presuming the model parameters P and R using the above-mentioned (7) - (15) formula, since the model parameters P 
and R will be presumed in the form included to a part for the error, it is not desirable. Then, in this example, it sets in 
the identification vessel A7. So that the presumed model parameters P and R can update the model parameters P and R 
serially as the right thing The 2nd fuel-oil-consumption computing element A9 which computes fuel oil consumption 
fig and the adhesion fuel quantity fwg as what does not have an error in the model parameters P and R namely,, using 
the fuel quantity fcr in a target cylinder computed by the fuel quantity computing element A3 in a target cylmder as it 
is is formed. It is made to input this calculation result into the identification machine A7 as the model parameter P and 
a false value for R presumption. , • j • i • i 

In the above, although the control law for fuel-oil-consumption control of this example was explained, it explains along 
with the flow chart which shows the fuel-injection control processing actually performed by the electronic control 
circuit 30 in realization ofthis control law next in a view 4. , . . a r ^- i 

This fuel-injection control processing is the processing of an internal combustion engine 2 by which after [ starting J 
repeat execution is earned out, and sets initial value as the various parameters with which processing is started and 
which are not rich, perform Step 100 - Step 120, and are used for control. That is, processing of initialization is 
performed in the procedure of setting initial value Po and Ro as the value of the model parameters P and R at Step 1 10 
which sets initial value 0 as the adhesion fuel quantity fw and the false adhesion fuel quantity fwg, and follows them in 
Step 100 first, and setting initial value hi 1 o-h22o as the parameters hi l-h22 used for presumption of the model 
parameters P and R at Step 1 20 which continues further. 

Next in Step 130, the pressure-of-induction-pipe force Pm, rotational speed Ne, the cooling water temperature Tw, an 
intake-air temperature Ta, and a fuel-air ratio lambda are measured based on the output signal from each above- 
mentioned sensor. And at continuing Step 140, it is based on the measured pressure-of-induction-pipe force Pm and 
rotational speed Ne of an internal combustion engine 2. Perform processing as a target air fuel ratio controller A2 
which sets up target fuel-air-ratio lambdar according to the load of an internal combustion engine 2, and it shifts to 
continuing Step 1 50. Based on the pressure-of-induction-pipe force Pm, rotational speed Ne, and an intake-air 
temperature Ta, processing as an inflow air-content presumption machine Al in a cylinder which computes the inflow 
air content mc in a cylinder using above-mentioned (3) formulas or the above-mentioned map set up beforehand is 

Bymoreover, the thing multipUed by the fuel-air ratio lambda measured at this computed inflow fuel quantity mc in a 
cylinder and Step 130 at continuing Step 160 Perform processing as an inflow fuel quantity presumption machine A8 
in a cylinder which computes the inflow air content fc in a cylinder {=mc(k) -lambda (k)}, and it shifts to the **** step 
170 By multiplying by the inflow air content mc in a cylinder calculated the account of a top, and target fuel-air-ratio 
lambdar set up at Step 140, processing as a fuel quantity computing element A3 in a target cylinder which computes 
the fuel quantity fcr in a target cylinder is performed. And at continuing Step 180, processing as an amount computing 
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element A4 of target fuel amendments which computes amount of fuel amendments deltafc using above-mentioned (4) 
formulas or the above-mentioned map set up beforehand is performed based on the pressure-of-induction-pipe force 
Pm (k-1) and the model parameters P and R for which it asked when the processing concerned was performed the 
pressure-of-induction-pipe force Pm searched for at Step 130, and last time. 

Next, in continuing Steps 190-210, when the processing concerned is performed last time, based on the parameters 
hi l-h22 for which it asked at the below-mentioned step 200, Step 230, and Step 260, the false fuel oil consumption fig, 
and the false adhesion fuel quantity fwg, processing as an identification machine A7 in which the model parameters P 
and R are presumed using above-mentioned operation expression (7) - (15) is performed. Namely, in Step 190, kl and 
k2 are first calculated using (above-mentioned 10) and above-mentioned (1 1) formulas, kl and k2 which calculated 
hi l-h22 using the above-mentioned (12) - (15) formula at continuing Step 200, and were calculated at Step 190 by 
Step 210 which continues fijrther. The model parameters P and R are presumed in the procedure of computing the 
model parameters P and R using the above-mentioned (7) - (9) formula based on the inflow fuel quantity fc in a 
cylinder calculated at Step 160, and the false fiiel oil consumption fig and the false adhesion fuel quantity fwg which 
were calculated last time. 

Thus, if the model parameters P and R are presumed, it will shift to continuing Step 220. These computed model 
parameters P and R and the fiiel quantity fcr in a target cylinder calculated at Step 170, the [ the amount computing 
element A4 of target fuel amendments which computes fuel oil consumption fi using the above-mentioned (6) formulas 
based on amount of fuel amendments deltafcr calculated at Step 180, and the adhesion fiiel quantity fw calculated last 
time at the below-mentioned step 250, subtracter A5, and ] ~ processing as a 1 fuel-oil-consumption computing 
element A6 is performed 

Moreover, at continuing Step 230, processing as the 2nd fuel-oil-consumption computing element A9 which computes 
the false fUel oil consvmiption fig using the above-mentioned (17) formulas based on the model parameters P and R for 
which it asked at Step 210, the fuel quantity fcr in a target cylinder calculated at Step 170, and tiie false adhesion fuel 
quantity fivg calculated last time at the below-mentioned step 250 is performed. 

And at continuing Step 240, by the fiiel-injection timing determined based on tiie detecting signal from the above- 
mentioned crank angle sensor 24, a fiiel injection valve 32 is opened according to the injection quantity fi calculated at 
Step 220, and fuel injection is performed. 

Thus, once fuel injection is performed at Step 240 and the fiiel supply to an internal combustion engine 2 is completed, 
it will shift to continuing Step 250 and the adhesion fuel quantity fw will be updated based on tiie fuel oil consumption 
fi which actiially performed fuel injection at Step 240, the last adhesion fuel quantity fw used for calculation of this 
fiiel oil consumption fi, and the model parameters P and R for which it asked at Step 210, using tiie above-mentioned 
(1) formula as it is. 

Moreover, at continuing Step 260, based on tiie false fuel oil consumption fig calculated at Step 230, the last false 
adhesion ftiel quantity fwg used for calculation of this false fiiel oil consumption fig, and tiie model parameters P and R 
for which it asked at Step 210, tiie adhesion fuel quantity fwg is updated using tiie above-mentioned (16) formulas, and 
it shifts to Step 130 again. 

the control error which originated in the model error produced by with-time change of an internal combustion engine 2 
since it presumed serially that the model parameters P and R explained above with the identification vessel A7 with the 
fuel-oil-consumption conti-ol unit of fliis example and was made to feed back to tiie operation expression for fuel-oil- 
consumption calculation ~ good ~ an amendment - tilings are made moreover, tiie fiiel quantity fcr in a target cylinder 
which computes contix)l error deltafcr by this by tiie amount computing element A4 of target fuel amendments, and 
serves as conttol objectives even if an error arises in these presumed model parameters P and R at tiie time of transient 
operation of an internal combustion engine 2 etc. ~ an amendment ~ since it is made like, the fuel oil consumption 
from a fuel injection valve 32 serves as a value corresponding to the actual fuel behavior of an internal combustion 
engine 2, and can perform fuel-oil-consumption control with a sufficient precision 

Moreover, in tiiis example, since what is necessary is just to design a conti-ol law based on the fuel behavior model of 
(1) which simplified more tiie fuel behavior model described by tiie fuel behavior model of the contirol unit proposed 
by Japanese Patent Application No. No. 189889 [ 62 to ] etc., tiie above-mentioned (21), and (22) formulas, and (2) 
formulas, and a design becomes easy and the operation expression for fuel-injection contirol moreover also becomes 
easy, the operation time for control can be shortened. [ i.e., ] 

Altiiough tiie above-mentioned example explained here as what performs presumption of amount of target fuel 
amendments deltafcr based on tiie variation of tiie pressure-of-induction-pipe force Pm using (4) formulas, you may 
make it presume amount of target fiiel amendments deltafcr like tiie following formula (42) from tiie variation of tiie 
inflow air content mc in a cylinder computed, for example based on tiie operational status of an internal combustion 
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P 

d f cr(k)= tf • {mc(k)-- m c(k-l))— (42) 

engine 2. 1 — R 

m«v make it oresume amount of target fuel amendments deltafcr like the following formula (43) from 
SS^ef o/rr;^^^^^^ based on the operational status of an internal combustion engine 

P 

6 f cr(k)=« i(0-f i(k-l)}-(43) 

1 - R 

Moreover although it constituted from an above-mentioned example paying attention to the bird clapper so greatly that 
SJ^tSd ^iSer. R change [ control error deltafcr ] and the adhesion fiiel to inlet-pipe 4 wall surface 
SL^t?orSun^^^^^^ 

sr^srai^^^^^^^ 

order to compute fiiel oil consumption fi as it is. 
deltafcr(k) = alpha-fw {Pm(k)-Pm (k-1)} 

oombustion -S'^F'^'Ji^J^^X^^;^,^^^^^ synlo^iS ™A rotation of an internal 

f ^'"'i^wH «Zf while nresuming the model parameter of a foel behavior model serially, updating a fuel behavior 



consumption control can be shortened. 
[Translation done.] 
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^ b T C © J; ^ (CiS l*I?^A^M«}t?g§§A 1 $ n 

fcfi A^««mcS.O^B S^^ltlS«§gA2-^?^fe ^ 
nfcS^*^,^J±A eS^I*l^^fi?^©S§A3lrA;'3 

So in*.'ro@^fS5F*3^,M?l?S§§A3«. mlizEODSilfi 

mc<hg^«K^itA r t^r^rSiltCcfcO B«fiil^« 
!f5|.Sf cr (=mc • A r) ^rfftUfS. 



(4) 
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(2) ^izioif^^m P, R<h, ®^ffi-fe>-y-12{cJ:0 
rk^ (4) 



S f cr(k)= a 



{ P rnCk)- P m(k-l)) 



miEmm^m4imm<Dmmmmm^^mnz^m-r 

•5. 

^LxiKoMta^ntzmmmiEmd fcrit, sm^^ 
mMmmwmhzx'wm^ntzamnff^mmmfcrtmz 
BmmtHmnmmm^mmii Lxcommm^izxij:^ 

fcT^mcx. smmfHmnmfc^mjE-ri>(Dizmm 

crh (=fcr-5 fcr) ^ai®|Wj^§iA7T^ise)e.tl 

f crh- ( 1 - P 

f 



' 1 - R 

t^. z(D^imnmmmmmmGi,zi5\,-^x. mmmit^ 
mmizit. ^ibWi^^nrzwmm i^^mmmxi-io) 
•^izm^mnt. mm(D^j')i'^-^^ ^-^'m^^m4 

IrffiSL, ±tB (1) RO.' (2) ^-etBK!i$tifc^l4* 

E (k) = f c (k) - { 1 -P (k- 
+ { 1 -R (k- 1) } f ig 
kl (k) = {hll (k- 1) f wg (k) 

/ [p+hll (k- 1) fwg2 (k) + 



...(4) 

m^jSi.rsmnm.mmw-\i!,^m9\zm^^r^tio:>x\ 
mmm.mmiti^i(D'mm^m\z'AiS. (s) 

fw (k+l) =P - fw (k) +R - fi (k) 

- (5) 

(ffiiL, fi (k) -.mnmrnmiti^ibcDmpt^mm. 

fw (k) : BulHlCDlt^M, p. R:|S|^|gA7T*J6fe^r?' 
f crhtfcS-:?^. (6) 

f w 

...(6) 



T. 1Sil*3?^A^.*5)-»«l^§§A8Tit^$n;^cv'U >y2al*l 

2 mnm.mw^wm^xm-\h-^ntzmunmmnm f wg 

Rt^'^iWi^^^fRtWaf iglcS:3$. (7) ms- 

(8) 09$D<^:^;l/A^p<-:5'P. R^M^-r-So 
P (k) =P (k-1) -kl (k) -E (k) 

- (7) 

R (k) =R (k-1) -k2 (k) -E (k) 

- (8) 

Jiffi (7) mf- (8) iCfr*3liT. 
fwg (k) 



1) 
(k) 

+hl2 (k-1) 
{h21 (k-1) 



-1) } fwg (k) fig (k) +h22 (k-1) f ig2 
k2 (k) = {h21 (k-1) fwg (k) +h22 (k-1) 
/ [p+hll (k-1) fwg2 (k) + {h21 (k-1) 
-1) ) fwg (k) fig (k) +h22 (k-1) fig2 



f ig (k) 
+ hl2 (k 
(k) ] 

f ig (k) 
+hl2 (k 
(k) ] 



} 



(9) 



(10) 



(11) 



T'^^. t^rzZ.(D (10) IBlU (ID ^(C*3(,^T. ptS^ 5) 

m-t^^o\z'f'ebm.^-^ntz^w^ (o<p^i) 5, 

0. hll (k-1) ~h22 (k-1) (12) ~ (1 

hll (k) = [hll (k-1) -kl (k) {hll 

+ h21 (k-1) f ig (k) } ] /p 

hl2 (k) = [hl2 (k-1) -kl (k) {hl2 



(k-1) fwg (k) 



(k-1) fwg (k) 



(12) 



(5) 
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+ h22 (k- 1) f ig (k) } ] 
h2I (k) = [h21 (k-1) -k2 (k) 

+h21 (k- 1) f ig (k) } ] 
h22 (k) = [h22 (k- 1) -kl (k) 

+h22 (k- 1) f ig (k) } ] 

y2a\^{zmm\zmx\^rcmMm mmp^mxmMm) f 

f cr- ( 1 - P ) 
f i g= ■ 



/p (13) 

{hll (k- 1) f wg (k) 

/p - (14) 

{hi2 (k- 1) f wg (k) 

/p - (15) 

m^M»\z:k^ (16) ^fflV^T. ®:»WM®4^or)Mffi( 

fwg (k+l) =P - fwg (k) +R - fig (k) 

- (16) 

mmm\f^mnmfcTt\zm^^'A^ (i?) 



f wg 



(17) 



1 - R 

f ig^Smt^^o 

cD{^**^*4a f wg^Ji^t"^PS<?^t&(Hi<D#*^^ait^ 

:k\z±$^ (1) (2) ^TfBa!$nfc^*4^ii^ 

^Tl^M«P2<DvU >5^^2al^JCgtA-r^^*4a, HP 

'Tr<D^^«¥.5^»f vi:^fflv^T:;^:S: (18) <z)ck3{::IBai 
fc=Q;l • f i+a2 • fw+a3 • fv •■• (18) 

m^mmm(DMm \z^y) 4 \z^^r ^mmm 

f w (k+ 1) = (1 -QJ 2) • f w 

- a 5 • Vfw (k) 

4 \Hm^^(DmmmM& f v^i. ^^mnmm 

(DzyV>y2a[^^om.Xi<Z^'oX. F^^.HM 2 CD 1 1t-f 

-^a6f)mm't^^t\z^^xmmi^. ^\z±$mm 

f V (k4- i) = (l-a3) - fv 
+ a 5 - Vfw (k) 
fie^TJitfi (18) - (20) S:t343(/^T. (l-a2) 
(l-ai3) ^Q. a4^R. a 6 ^S. aS^DchbT 



fi f c ^ f SSBT ^ ^ <t 7^;^^^ ^ ^ o 

±s (18) \z^i^x. mnmmmf mmMmMm2 
(Dm^^mizjz'ox^^^o^x. m^n4m.m^(DHm 
mnm f w:&r/®^« 4 f w^m^ ^ <h 

^z.'cmz±mnmmnmf^Rzsmmmnmfy\zz:> 

c7)s/u >y2a{H^<Dmx\z^'ox. mm=Tmm\z^(D— 

^>b. \^mMm2(Dm^tmmi^xmMm^m2f)^^m 
M-^n^MMm^Mi \ (D-m>a4m^m't^^t\z<k 

m) VlL[HmMm2(Dm^mS.^eL'/)^^. as -Vf/Ne 
(=a5 - Vfw. a^ittm^m ^VXm'tz:Lf)^X^ 

9) {c^-r*o<fEaiT^^o 



(k) H-a4 • f i (k) 



(19) 



z.(Drzii>mn.m4[^(Dmmmnmfv\^^ (20) 



(k) + a 6 • f i (k) 



(20) 



yy^jy^mm^i^xnm^^x^^'^nrc'A^ (21) ^ 

ZS (22) (T^^n^i^^Bf^K^x^l'i^^^S^^o 



(6) 
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f wCk+l) 
f v(k+l) 



P 0 

0 Q 



f w(k) 

f v(k) 



R 
S 



f i (k) + 



f c(k)= [ 1 - P 



-D 
+ D 

- Q3 



V fw(k) (21) 



f w(k) 
f v(k) 



+ ( 1 - R - S 

P, Q, R, S. D4Jia®|Wl?gffi(Cc); D^i6n«, f^g^^HS® 

2 (Dymmmmt^mm^ 2 ©ss^e^^^b^ic j;-dt* 

-€-Clt?**JS^J-ett, -hlB (21) JklS (22) tC-CIBkE 

f cr- ( 1 - P) 

f i - — 

1 - R 

<tO^^*^*^-r-2>COT?. -'^> (23) ^Sr^^SSfflV^T 

tCj;i9^5'>iW15'^-^'P. R^^^^lt^bTKD^. ^1© 

St» f i ^WtiJ-r ^ J; -5 tc bT ^, 

S c w ofc lcl^^§gA7 tc i D ^ ^ ;^ - ^ P. R 
Sffi^ UT^*^**** f i Sff mt-^«^. 2 

mmMW^\z\t. ^mmm2o:>mm.m&(oi^^mnm\z 

f c (Z) = (1 -P) f w (Z) + (1 
Sfc±iC (24) f w (Z) tt;*:^ (26) 



f i (k) (22) 

fw*««LT. ±tB (1) (2) s©$n<^i8§{t:$ 

BP-&*-r±fB (1) ms- (2) ic-t?iBjzi!$nfc».!|6f^ 

mmm f cx\zum-t^tz^ommmMm f ±ib^> 
nmm'^'T)v<D^t!:}3m^ { (2) 5s;i s^j^-r^ct 

-Q. (23) (D*n<:**-5^1<i:*^T$S. 



f W 



(23) 



»?^S:§sA4S,Z>'l^^§gA7(DlSlt#)lit--:3<'^TiJJB^-r-5. 
$-r±tB (1) 'Bi.U (2) ^t^feV^-T, Z^mSrfT^j: 

±fB (1) S.r/ (2) ^Z'^^-rst. 

Zfw (Z) =Pfw (Z) +Rfi (Z) - (24) 

-R) fi (Z) - (25) 



(7) 
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R • f i (Z) 

f w(Z)= f i(Z) - (26) 

Z - P 

«$D<feai-r#-5. (26) * (25) iCt^f^A t^t. 

(1-R)Z + (R-P) 

f c(Z)=: f i(Z) -(27) 

Z ~ P 

tT^t*?, m«ejSMi^*^*t#e.n^„ ^t. (28) sy: (29) cDiD#MW*wit5^;u7&if# 

-7^. ±fB (1) sctx (2) iC{c43ViT«. iiffijie e.n^, 

fw(k+l)=P-fw(k)+R-fi(k)-6(k) ■• (28) 

fc (k) = (1-P) fw (k) + (1-R) f i (k) +5 (k) - (29) 
IMLnmiZ. Z.<n (28) -BOS (29) ^JCcfet^TZ^ ts.^, 

^<&ff*tVim®fe^H^**i!6S<i:, iX:^ (30) ro$n< 

(1-R ) Z + (R -P ) 

f c(Z)= f i(z) 

Z - P 



Z - 1 
+ <5 (Z) 



Z - P 

^^CtCJitB (27) iC-CtBa!^n;tJ^('t5liT, 



(30) 



f i(Z) = 



Z -> P 



(l-R )Z + (R-P ) 



f cr(Z) 



(31) 



-tLT^lCD (31) iC^JifS (30) ittC-f^A-r^t. t 

?)US§M 5 ^#ffl:-B-rj^f4fSM«*$iii»bf^^^we^ 

Z - 1 

f c(Z>= f cr(Z)H 

z — P 

«e^T> (32) iCA^e., ^r?^;i/|^Se«cj;^fSl^ 
;fcCD^J«^3l6 fcr«. (33) ®*P<*S 



Z - 1 

<5 f cr(Z)= <5 (Z) 

Z - P 

ftSrMUfcM (En-^±fEMgE§gA5T'g:tt)$n^ffiIEe« 
i§il^M*^») f crhtC^M-r-SCtT^tftT-^^., ^® 
fci!6**ig««JT«, ±tB (23) iCH-:fett^B«1iirt«5W 

» 1 j^f«W«i^#g§A6lC*5(.^T*Sf«W#32*^bWM 
MWft f iS:mttit-^:fc«6(Cfiefflt--5Huai® (6) S: 



-5 (z) 



•- (32) 



(33) 



:5'->-(t;T-5.Cli*^*T'€^. Sfc;i®Wffll|IM5 fcr 
«. P/ (1-R) A^W^I-nSMaf i*^'®imt^ig®fC{^« 

S:. ?/ (1-R) icit0ij^-e-. fio, nimm2(r>wi& 



(8) 



1^2754744^ 



sj;5Jc. Mmf^m^tiim<omm<om.w^ (4) 

5^A®raS¥i2fe- 1 J ->X5^A tftijm Vol. 25. No. 8. P47 
6~P489. 1981^. l?tCi¥ai$nTti-5CDt?, psaj^csz?^ 
k 

J = Z P • {e (k)}2 
i=0 

'v<D^.^$Mi!>c?-li--g)fci!e)®Forgetteing Factor-e* 

0(k)=[P(k) R(k)] 
Z(lt)= [f w(k) f i(k)] 

y (k) = fc (k) •- (38) 

® (k)=® (k-l)+K(k) [y 



{ (2) ^) <£r^jgLT:^>:S; (34) fa<simurciz^ 

©. (35) (Dm^mmmwcj tim'Mzt^^T'jw'i 

7 ^ - 5^ ^5|<S6 ^ .1 <»: 0 , 

e(k) = fc(k)-(l-P) fw(k)-(l-R) fi(k) 

- (34) 



• - (35) 

•5. ) 

' -(36) 
' -(37) 

(k)-ZUk)-® (k-I)] 



K(k) = H(k-l)-Z(k) [p 



(39) 



+ 2^(k)-]H 

H(k)= [I-K(k)-ZT 

mcomw^ (7) - (15) ^mm^nxi^^^a 

^rc±m (7) - (15) ^^ffiViT^r^^U/N'^^-^' 

p. R^jt^t-^iS-^, ClcO}t^b/^^^';WN"^^-^P, R 

\^mnmf cT^^cD^^m^^x (in^>^^;u/i^;><-^^ 
p. ^\zmmm^\^^^(D^{^x) mnmmm f igsw« 
mmm f wg^^mr 2 ^*4PSMsj^#§§A9^5^^t. 

ilcD^tB*S*^^^;UA^p<-37P. Rjfe^fficoSifKfach 

j[^±. :^mmm(DmMmMmmm(Drz^(Dmmw\\z-D 
i^^xmrnLrz^)^. 'AitzzL(Dmmm(Dmwzmrzr:>xmT 
mmmmQxmmjznuiDn^mnmMummm^m4 
mizTjk-tyu-^^-hizYfi'Dxmm'r^. 



(k"l)-Z(k)] ...(40) 

(k)] H(k-l)//,-(41) 



iS'{C?O^M*^^-r^<. fin*.ST7.5^>y:/100{C*5ViT 
f wS:a'S5(K<{^«««f« f vigizWmm 0 

wmm?oRzMo^m^L, mizm<7.5^^y:/mizT=E 

2Jr^5[Jffifiihllo~h22o$:IS^-r^. t V^-p^^MT^D^ 

w. KMiasTa, Rzj^m^itx s•t^»l•r-5. ^bTj^< 
(^mm^mnL. m<xy^yzf\mzWifLx, mn.^ 

II.tjVmtm'&mm.Net.P&m.^&laHzm'^^. MjZRcd 



(9) 
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if F*g?^tA^^«f c {=mc (k) • A (k) ) 

^mTS-<i:T% B^^l^*if4«f cr^g:itit-^S^ffi 
l*g*!Si|BffiSI»§#A3<hbT«)Mii*SltT-rs. ^l>Tj^< 

Bu[HlSl^Sail^lltTUfcl^Jc*i*fc©»WliWDi (k- 
1) i:^5^;U/^^^-^P.R<*:lc»-rJ#, mfj£® (4) 

^x\i^tt>m^-^titz-^y:^^m^^xmn^iEmd fc^ 
7^-yy26o-r;j<«e)fcA7^-i5'hii~h22. mmmmMm 

fig, S:l/MiH#*^5ptafwglrSc?#, 
(7) ~ (15) S'fflV^T^:5^;i//'?5':^ — R^Jt^t" 
S|Sl^§IA7<?iUT0Dj!!lS*llff-r«). EP^. ^TXT^y 
yi90C*5ViTB&K!i® (10) (11) ^Srfflt/^TklS 

rKk2^*J6. ii^<X5^<yy200{CTttrai«) (12) ~ (1 
5) iC^&fflViThll~h22*jRs6> Mt::ie< X7^-y:/210ir 
r. 7.5^-7 :/190-e*«6fckl, k2<i:, X-T^-y yi60T*is6 
fc1Sl*3»itA«Si|Sf« f ct. M@*i!e)fc^1HM!|Sfi«MS f i 

gRz^m&.nmmM&fwt, izm-^^mmo^ (7) ~ 

;io5cfc5tr^7';u/^?^-^P. R*^~it^^^^<t» ^ 

^-^-P. Rt, X7^-y 7°170-e*a^)fcS^i«l*l^*^^« f cr 
X7^«yyi80T*«?)fc«K^«iES6 f crt. ttSiX 

® (6) ^^^m^^xmrnm^mfi^mnr^mmmn 

*fci^<X7--yy230T«, Xx>y^210-e*i6fc^7^ 
JWt^^-iJ'P.Ri:. X7"-y7'170T**fceStS!l*I^,*4 
«f crt. ^a!X7^-7:/250-rmilEl3Ks6fc^lH#«:^.*^ 

if wgttcs-s?^. HfrizEw (17) ^^m^^^rmmmnm 

f ig^^m-r-sm 2 Mi|B|->lftW«S§§A9 i UT®M 

P 

^ f cr(k)= or • { m 

1 — R 

mf \(D^itm^^^'-k^ (43) ®$D< S«^^1«iE«6 



c©j;ptcx7"-yy240-eMi|si"«s**w<tt>n. 

«M2'\®»4«^l&*^--i.l^T-r«)t. St<X5^-yy25 
OtC^fTUT, 7,5^-;/-7'240TSei^(C^^sl'!RM^ff/d:^fc 

l5i©#Sf*8i^af wt, x5=-<v:/2io-e*e6fc^:5^;u/^5 

;A-3'P, Ri(C*c5#, h^kB® (1) 

fc^x)Wt5^-:5'P.R<i:(C*C)'#. Mizli® (16) 

tt, [^^m7fcJ;t)tT'JWA9^-^P.R*^^*:*^L, 

(CbTV^^OT-, [*3MM2(D^SB#«)^'(biCj;^T^-r 
tife^T^'JW^^^— ^P, Rtc^MT&^'^CTfe, cnicj; 

-safPHMs fcr^s^iftip^^iiES^^#ilA4T^mb 

*fc*ll;^^JT?tt. 1#^aa62 - 1 89889^^-T?tf ^ Lfc 
SfJP^S09*^.*Jl^W)^:5=^>'l-. BP^hukE«) (21) mS (2 

(1) ms- (2) ^®^'^si-^»]^T';i'{rSo'#f6iJWJS 

Sr. (4) ^^m^^X^^'SJ£tJ?m(Dmt&izm-:J^'i7 
o =b® t UTiJiBJ bit**. ^J;^«[^^^M 2 ©atett 
^ (r St3"$ ai $ © 1*3 olt A^M«mc (D t:»*^ 

(42) S^MiH^l«IE«6 f crSrJt^-rSJ;^ 



c(k)- m c(k-l>}- (42) 



(10) 
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P 

d f cr(k)= a • I f 

1 - R 

-r^niz^<tj^^^t\zmm\^T. a-p/ci-R) * 

m^ZVtiffi. (44) CD*D<. :L(DDcm^W.a • P/ 

(1-R) »«M«f i^^tti-r^fcje) 

5 fcr (k) =a • fw {Pm (k) -Pm (k-1) 1 

... (44) 

;^i;<TfeJ:<, [^*?S«M 2 ®afet>i^*St^-r>'-^^;<- 
^' (iHigjgSNe. ®^«JE:'3. }^rSi*iaTw^) coM^gg 

aS:. |^».^M2(7)*^M#ti:I^^L'TI^^^M2(Dl 

m^mmmmm. f wgrott^^aatct^i^iTrt^s^M 2 ® i 
tt. F»vi^^p2CD[Hie<h«i«i«a-&-rso3iL^fTt-«>j: 



i(k)- f i(k~l)}-(43) 

nmm'^y'Mzmm^mMm^w-mr^Lmz. mm 
^mm%^mz\-t. »j«@^tLT> nmrnmnmrnm 

x^-r^=^'f)vtm. \zmm \ytz.mmwM * ^» \zm^t 

:hz.h-h^-T:^^tmz, nmmm<n'^mMW^m\zz.o:) 

mm^nmmm(^^n<Dmm^Wi\zii^^s\.f^m\zmm-^ 
y'Mzm'Dxm.-&^ntz.%mm\z^'0}HmMm<r)mMm. 

l+M$i)1S^««=fc<*ffT?#-5®T% i|#mBH62- 189889 

%'smm^^^m&^LVfcm^mm=^'fMzm'DT'm 
nmM^wsi'^nfs.omwizit^. umzm\'^^^w^ 

0 ttH^ ftij W IHISS tc <fc ^ (O s?) $3 WIU 

•g). 

Ml. 4 M2. 2 l*3j^^M 

M3. 32 

M4 ^Jtfe#S 

M5 #sp«s;pfm«^#^ 

M6 mmM^mmmM\h^^ 

M7 wmmMm-^^^ 

M8 S^iSrt^'^MlE^S 

M9 EM^MmM-^^Wt 

12 ®^ffi-fe>-y-, 14 ®^S-tr>-t}- 

22 lHlfeji^-fe>-y-. 26 *Sir>-y- 

30 ■tt^ttWlHlSS 



(11) 
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-46 



'30 



40 



y J 



(12) 
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m 

St 








•eat 




m 




m 






(13) 
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P<~Po. R*-Ro 



hlli-'hilo. h12*-h12o, 
h21«~h2lo. h22«-h22o 



.100 
-110 
^1 20 



^, Tw. Pm. Ne, TaJtt^W 



T 



V--130 
.14 0 



-mc 

—1 



"1 



5fcr 



ki . k2 I5m 

I 



h11. hl2, h21. h22»t« 



I 



150 
1*60 
.17 0 
.180 
.190 
.200 
210 



T 



f I 4- {fcr-6fcr - <1-P) fw ) / (1-R) 



f ig*- {fcr- <1-P> twg)/(1-R) 
I 



mnmm 

I 



K-240 
250 



fw «-PTw +Rr 

3 



p 



2^ 



260 



220 
230 



:7D> h^— >?<D^^ 



(58)iSfiLfc»S(Int.CL6, DB^) 
F02D 41/00 - 41/40 



